The mobility (fractionation) of rare earth elements (REEs) and their possible impacts on ecosystems are still relatively unknown. Soil samples were collected from two sites in central Serbia, an unpolluted mountain region (site 1) and a forest near a city (site 2). In order to investigate REE fractions (acid-soluble/exchangeable, reducible, oxidizable, and residual) in soils, BCR sequential extraction was performed. Additionally, the content of REEs was also determined in stipes and caps of the mushroom Macrolepiota procera, growing in the observed sites. Sc, Y, and lanthanide contents were determined by inductively coupled plasma mass spectrometry (ICP-MS), and results were subjected to multivariate data analysis. Application of pattern recognition technique revealed the existence of two distinguished clusters belonging to different geographical sites and determined by greater levels of Sc, Y, and lanthanides in Goč soil compared to Trstenik soil. Additionally, PCA analysis showed that REEs in soil were concentrated in two groups: the first consisted of elements belonging to light REEs and the second contained heavy REEs. These results suggest that the distribution of REEs in soils could indicate the geographical origin and type of soil. The bioconcentration factors and translocation factors for each REE were also calculated. This study provides baseline data on the rare earth element levels in the wild edible mushroom M. procera, growing in Serbia. In terms of bioconcentration and bioexclusion concept, Sc, Y, and REEs were bioexcluded in M. procera for both studied sites.
Introduction
The rare earth elements (REEs) form a group of 17 elements according to the International Union of Pure and Applied Chemistry (IUPAC) (Connelly et al. 2005 ). This group includes scandium (Sc), yttrium (Y), lanthanum (La), and the lanthanides. REEs are divided into two groups: light rare earth elements (LREEs), with a mean atomic mass lower than 153 (La, Ce, Pr, Nd, Sm, and Eu); and heavy rare earth elements (HREEs), with a higher mean atomic mass (Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) (Tyler 2004) . The abundance of REEs in soils greatly depends on their parent materials, texture, pedogenic processes, organic matter content, etc. (Fiket et al. 2017) . Interestingly, the abundance of Ce in the Earth's crust is almost the same as that of Cu and Zn. Also, lanthanides such as Lu and Tm are actually more abundant in the environment than much more commonly studied elements, such as Cd and Se (Tyler 2004) . In recent decades, REEs have been used extensively for industrial (Reed et al. 2016 ) and agricultural (Pang et al. 2001; Wen et al. 2001) purposes, which has led to their increased levels in the environment. The mobility of lanthanides and their possible impacts on ecosystems are still relatively unknown.
Sc is a relatively widespread element in the Earth's crust with an abundance of 21.9 ppm, which is higher than that of metals such as Pb (11 ppm) and W (1 ppm), and comparable
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with that of Cu and Co (about 27 ppm) (Kalashnikov et al. 2016) . Due to new technological developments, large amounts of Sc have been released into the environment, and the element has been used as a marker of environmental pollution (Jerez et al. 2014 , as well as with some organic compounds (Kabata-Pendias 2010) . Phosphate fertilizers contain relatively high amounts of Sc, in the range of 7-36 mg/kg, and therefore can elevate the concentration of Sc in surface agricultural soils (Kabata-Pendias and Mukherjee 2007) . Although different chemical elements can be used for the evaluation of soil surface contamination, Sc is particularly suitable (Ferrari et al. 2006) .
Mean concentrations of Y in the Earth's crust and surface soils are estimated as being in the range of 20-33 mg/kg and 4.9-22 mg/kg, respectively (Greenwood and Earnshaw 2016) . Y has wide application in modern industry, and in recent years, many studies have investigated the impact of this element on the environment (Liang et al. 2005; Miao et al. 2011; Zheng et al. 2018 ). Although Y is not an essential nutrient for plants, it can be taken up by roots and accumulated in plant tissues which can have negative effects on plants' physiological processes (Ren et al. 2016) .
Macrolepiota procera is a widely distributed and common edible saprotrophic fungus. Features of this mushroom, such as low fat content and high contents of proteins and functional minerals (Ouzoni and Riganakos 2007) , make it one of the preferably consumed wild mushrooms in Serbia, as in several other European and Asian countries (Falandysz et al. 2017b; Kalač and Svodoba 2000; Širić et al. 2016; Petkovšek and Pokorny 2013) .
M. procera is well known as an accumulator of some toxic elements such as Cd (Stefanović et al. 2016a ) and Hg (Falandysz et al. 2007; Kułdo et al. 2014; Širić et al. 2016) , as well as of some other elements such as Ni (Baptista et al. 2009 ) and Ag Kojta et al. 2011; Stefanović et al. 2016b) . The mineral content of this mushroom is a well-researched topic (Falandysz et al. 2008 (Falandysz et al. , 2017b Gucia et al. 2012; Kalač and Svodoba 2000; Kojta et al. 2016; Stefanović et al. 2016a; Širić et al. 2016; Petkovšek and Pokorny 2013) . On the other hand, there are only a few studies about the content and accumulation of REEs in the fruiting bodies of this mushroom (Borovička et al. 2011; Falandysz et al. 2017a; Randa and Kučera 2004) .
The mechanisms of uptake and retention of elements by mushrooms are still poorly understood and might be influenced by genetic strain, geographic origin, and climatic conditions (Falandysz and Borovička 2013) . Recent data showed that polysaccharide isolated from the cell wall of Boletus edulis has a high ability to bind selected heavy metals (Choma et al. 2018) . Microorganisms that produce gluconic and other organic acids can result in effective leaching of REEs from REE-containing materials (Brandl et al. 2016; Reed et al. 2016) . It is well known that mushrooms produce organic acids, and these have great effects on the transformation of inorganic and organic substrates (Gadd 2007) . It is likely that mushrooms are able to mobilize REEs, similarly to microorganisms. Also, some mushrooms release ironchelating compounds, commonly called siderophores or metallophores (Ahmed and Holmström 2014) . Some of these compounds have high affinity toward REEs, besides their affinity toward iron. These organic ligands can affect the REE geochemistry of soil (Kraemer et al. 2016; Zocher et al. 2018) .
Recently, various chemometric methods have been applied in order to evaluate soils' geographic origins according to elemental profile (Falandysz et al. 2017b; Stefanović et al. 2016a ). However, the REEs have not been examined previously as possible indicators of the geographical origin of soil.
To the best of our knowledge, there has been no report on the Sc, Y, and lanthanide levels and their fractionations in soils from Serbia. Their functional speciation in soil is very useful information, particularly in polluted areas or areas with high anthropogenic influences. Also, there are no literature data about the accumulation of REEs in wild mushroom species such as M. procera, nor for any other mushroom species from Serbia.
The purposes of this study were to (1) establish baseline concentrations of Sc, Y, and lanthanides in soils from two different geographical sites in Serbia; (2) determine the fractions of Sc, Y, and lanthanides in the soils (exchangeable, reducible, oxidizable, residual fraction) based on the Commission of the European Communities Bureau of Reference (BCR) sequential extraction scheme; (3) establish any relationship between levels of REEs in soils and in Macrolepiota mushrooms growing at these sites; and (4) determine the distribution of REEs within the different parts of Macrolepiota mushrooms.
Materials and methods

Chemicals
Nitric acid (65% p.a.), hydrogen peroxide (30% p.a.), and all other chemicals used for BCR sequential extraction were of analytical grade and were supplied by Merck (Darmstadt, Germany). ICP-MS rare earth multi-element standard (VHS, Manchester, UK) containing 10.0 mg/L of elements were used in the experimental work. Internal standards were 6 Li, 45 Sc, 115 In, and 159 Tb (VHG standards, Manchester, UK). Standard stock solutions were used to prepare calibration standard solutions after appropriate dilution with 1.0% v/v nitric acid and reversed osmosis ultra-pure water with a resistance of 18.2 MΩ/cm obtained from a MilliQ plus system (Millipore). Also, standard reference material SRM 1633C (NIST) and certified reference material BCR-670 (IRMM) were employed in order to check the accuracy and precision of instrumentation.
Instrumentation
REEs studied are listed in Table 1 . Analyses were performed with ICP-MS (iCAP Q, Thermo Scientific X series 2; Thermo Fisher, USA). REE calibration standards were prepared from multi-element standard solutions in 1.0% nitric acid. Operating conditions for the ICP-MS were as follows: nebulizer gas flow, 0.75 L/min; ICP RF power, 1050 W; lens voltage, 7 V; pulse stage voltage, 950 V; and sample uptake rate, 24 rpm.
To determine the limit of detection (LOD) and limit of quantitation (LOQ), ten blank solutions were prepared, following our standard procedure. The blank solutions were measured and the standard deviation was determined. Each sample was analyzed in duplicate, and each analysis consisted of three replicates. LOD and LOQ were determined as three and ten times the standard deviation of the blank solutions.
Microwave digestion was performed in a microwave oven (Ethos 1, Advanced Microwave Digestion System; Milestone, Italy).
Site description and sample collection
Mushrooms together with corresponding soils were collected from two sampling sites (S1 and S2) in Serbia. S1 was an unpolluted site on Goč Mountain (43°32′41.9″N 20°49′ 34.0″E) and S2 was in a forest near the city of Trstenik (43°35′56.6″N 20°58′47.5″E) (Fig. 1) . Topsoil samples (0-20 cm depth) with organic and inorganic horizons were collected using plastic tools and spoons, packed into polyethylene bags and transported to the laboratory where small stones, sticks, and leaves were removed. The mushrooms were cleaned and the complete fruiting body was used for analysis, after separation into cap and stipe. The total number of soils and mushrooms examined is given in Tables 1 and 2 .
Soil and mushroom preparation
Soils were air dried at room temperature for 3 weeks, sieved through a 2-mm sieve, and subjected to the four-step BCR sequential extraction procedure described by Rauret et al. (2000) . The pseudo-total concentrations of REEs were determined using aqua regia, and the geochemical fractions were assessed using the BCR sequential extraction procedure. The following solutions for extraction were used: 0.11 mol/L acetic acid for phase 1 (HOAc extractable fraction, F1); 0.5 mol/L hydroxylamine hydrochloride adjusted to pH 1.5 for phase 2 (reducible fraction, F2); 8.8 mol/L hydrogen peroxide stabilized at pH 2 and 1 mol/L ammonium acetate adjusted to pH 2 for phase 3 (oxidizable fraction, F3); aqua regia 15 mL 37% HCl and 5 mL 65% HNO 3 , at 80°C during 5 h for phase 4 (residual fraction, F4). For determination of pseudototal metal concentrations, 0.5 g of soil was digested in the same way as residual fraction in the BCR extraction procedure. The digest was filtered through filter paper and finally diluted to 50 mL with distilled water. Soil properties (pH, electrical conductivity (EC), and soil redox potential (Eh)) were measured in a suspension of soil in distilled water (1:2.5) according to the standard method. The organic matter content (C org ) was determined by the Walkley-Black method. Results are presented in Table F (Supplementary material) .
Mushrooms were digested in a microwave digestion system as follows: 0.50 g of dried mushroom was weighed into the microwave vessel, 7 mL of concentrated nitric acid and 1 mL of hydrogen peroxide were added and, once the vessels were capped, they were placed in the microwave oven, and the time and temperature program used was as follows: 10 min to 200°C and hold for 15 min. The digested mushrooms were diluted with ultra-pure water to 50.0 mL.
Validation of method (QA/QC)
Method validation was carried out by analyzing standard reference material SRM 1633C and certified reference material BCR-670. The values determined for REEs were in good agreement with the certified values, shown in Tables A and  B (Supplementary material) . Due to the lack of BCR standard material for REEs, the sum of the concentrations determined Table 1 The pseudo-total concentration (μg/g) of elements (mean, standard deviation, minimum, and maximum) in soils from two sites in Serbia in each of the four steps was compared with the concentration measured after aqua regia extraction of a separate sample, as an internal check of the procedure. Recovery values were between 90% and 105%.
Statistical analysis
Descriptive statistics, correlation analysis, and Mann-Whitney U test were performed using SPSS statistical software (IBM SPSS Statistics 20). Principal component analysis (PCA) was carried out by PLS ToolBox, v.6.2.1, for MATLAB 7.12.0 (R2011a). All data were autoscaled prior to multivariate analysis. PCA was carried out as an exploratory data analysis by using a singular value decomposition algorithm and a 0.95 confidence level for Q and T2 Hotelling limits for outliers. The analysis was based on a correlation matrix and factors with eigenvalues greater than 1 were retained.
The median values of the REE concentrations in soils and mushrooms were normalized to the REE dataset for the European Shale (EUS) composite of Bau et al. (2018) . Normalized data were referred to as REE SN .
Bioconcentration factor (BCF) and translocation factor (TF)
The bioconcentration factor, as a potential of species for bioaccumulation and bioexclusion of element from soils, was calculated as a ratio of element content in stipes and pseudototal content of this element in soil. The ability of mushrooms to transport elements from the stalks to caps was estimated using the translocation factor. TF was calculated as the ratio of the content of target element in caps and stipes.
Results and discussion
Sixteen REEs were identified and quantified in the soils collected from two different geographical sites in central Serbia, as well as in caps and stipes of M. procera growing at these sites. The pseudo-total concentrations of elements (presented as mean, standard deviation, minimum, and maximum) in soil from the two sites, Goč and Trstenik, are given in Table 1 . The content of REEs in caps and stipes of M. procera, presented separately for the two sites, recalculated for dry weight (dw) of mushrooms, are given in Table 2 . Distribution of REEs according to the BCR extraction phases is presented in Table C (Supplementary material). The calculated bioconcentration factors (BCF) and translocation factors (TF) are given in Table 3 . The correlation factors between Sc, Y, and lanthanide elements with macroelements Ca, Mg, Na, and K (published in our previous paper (Stefanović et al. 2016a) ) in mushroom caps and stipes are presented in Table G (Supplementary  material) .
Scandium
The total content of Sc in Goč soil (range from 2.0 to 12 mg/kg) was significantly higher (Mann-Whitney test, Fig. 1 Soil map of Republic of Serbia (Mrvić et al. 2013; Čakmak et al. 2018) Table 2 Rare earth elements (μg/g; mean, standard deviation, maximum, and minimum) in Macrolepiota procera caps and stipes growing in two sites in Serbia ND not detected p < 0.05) than in Trstenik soil (range from 2.3 to 6.1 mg/kg, Table 1 ). The Sc values in soils obtained here were in good correlation with literature data concerning the levels of Sc in soils (Govindaraju 1994; Takeda et al. 2005) . The average contents of Sc in soils worldwide are estimated at 11.7 mg/kg, ranging between 0.80 and 28 mg/kg (Kabata-Pendias 2010), and strongly depend on soil type. Higher amounts were found in heavy loamy soils, especially those that are derived from granitic and volcanic rocks (Kabata-Pendias 2010), as well as in brown soil and black earth (Połedniok 2008) . Sc levels are the lowest in light sandy soils (Kabata-Pendias 2010) and in podzols (Połedniok 2008) .
Differences were observed regarding the distribution of Sc according to the sequential extraction phases of the BCR procedure. The fractionation profile of Sc showed that the highest levels of this element were found in the residual fractions of both soils (Table C, Supplementary material, Fig. 2 ). More than 81% and 62% of the total Sc in Goč and Trstenik soils, respectively, was found in the residual fraction. In the literature, there is no data on Sc fractionation in soils. However, a sequential BCR extraction scheme was tested for the determination of trace metal speciation, including Sc, in a marine sediment (SRM 1646a) using an ICP-MS technique (Marin et al. 1997) . Results showed that the BCR extraction method could be applied to Sc (Marin et al. 1997) . Using the Tessier extraction scheme, the highest levels of Sc were found in the Fe-Mn oxide fraction of soil from a polluted area (Połedniok 2008) .
The content of Sc in M. procera caps ranged from and (not detected) to 0.24 mg/kg dw (Table 2) . Mean Sc concentrations were 0.11 ± 0.07 mg/kg dw for caps and 0.08 ± 0.06 mg/kg dw for stipes from Goč and 0.014 ± 0.016 mg/kg dw for caps and 0.06 ± 0.04 mg/kg dw for stipes from Trstenik. These results were in accordance with Sc levels obtained elsewhere by Falandysz et al. (2017a, b) and Randa and Kučera (2004) . Falandysz et al. (2017a, b) found 0.028 ± 0.048 mg/kg dw for caps and 0.028 ± 0.025 mg/kg dw in whole fruiting bodies, while Randa and Kučera (2004) found 0.014 mg/kg dw in whole fruiting bodies. Sc is a component of almost all plants, but the biological role of Sc in the development and functioning of plants has not been specifically defined to date. Sc absorbed by plants is accumulated in the roots, seeds, and old leaves, while Sc accumulation is scarce in young leaf explants (Shtangeeva et al. 2004) .
Median Sc levels were significantly higher (p < 0.05) in caps than in stipes of mushrooms from Goč Mountain (Table D, Supplementary material). Calculation of TF (Table 3) showed Sc was clearly translocated from stipes to caps of Goč mushrooms (mean TF = 1.4). However, mushrooms from Trstenik had considerably lower TF values (mean TF = 0.22). Therefore, translocation of Sc in mushrooms growing in Trstenik was not observed.
This interesting observation could be attributed to the almost two times higher concentration of Sc in soil from Goč compared to Trstenik (Table 1 ). The BCF values obtained for Fig. 2 Fraction of elements (F1, F2, F3, and R) in soil from Goč and Trstenik (as percent of total content for each element) using BCR sequential extraction procedure Sc in mushrooms from both sites (Table 3) showed no efficient accumulation of Sc (BCF values were lower than 1).
Yttrium
The total content of Y in Goč soil (range from 4.7 to 12 mg/kg, Table 1 ) was higher than in Trstenik soil (range from 3.6 to 6.1 mg/kg, Table 1 ). These levels were in good correlation with literature data concerning the level of Y in soils (Tyler 2004) . The average content of Y in soils worldwide is estimated to be 12 mg/kg, ranging between 7 and 60 mg/kg, and is the highest in heavy, loamy soils (Kabata-Pendias 2010). Fractionation of Y according to BCR extraction phases was similar in both soils (Table C) . This element dominated in the residual fraction (57.1 ± 3.9%), followed by the oxidizable (35.8 ± 2.0%), reducible (6.4 ± 3.0%), and water soluble, exchangeable (0.6 ± 0.6%) fractions. This distribution was not consistent with the results published by Rao et al. (2010) , where the highest content of Y was found in the reducible phase. To the best of our knowledge, there are no other data about fractionation of Y in soil after BCR extraction.
The mean measured content of Y in mushroom caps and stipes from the two investigated sites (Table 2) was 0.030 and 0.0089 mg/kg dw for caps from Goč and Trstenik, respectively, and 0.074 and 0.045 mg/kg dw for stipes from Goč and Trstenik, respectively. To our knowledge, there is only one other study on individual concentration of Y in M. procera (Falandysz et al. 2017a ). Our results for mushroom caps and stipes were in very good agreement with ones reported by Falandysz et al. (2017a) , i.e., means of 0.074 and 0.11 mg/kg dw for caps and whole fruiting bodies, respectively.
The TFs for the mushrooms were lower than 1 for both sites. Also, bioaccumulation from soil was not observed (BCFs were lower than 1). Therefore, Y is bioexcluded by M. procera in both study sites.
Lanthanide elements
The pseudo-total content of lanthanides was similar between the two sites (Table 1 ). According to results of sequential BCR extraction, the distribution of the lanthanides among the fractions varied with the site (Table C, Supplementary material, Fig. 2 ). Those differences seem likely to be due to the parent material and its properties such as pH, clay content, carbonate, and organic matter (Stern et al. 2007; Zhu et al. 1997) . On average in the soils, the lanthanide contents in the residual fractions (F4) were the highest, while those in the first fraction were lowest, below 1% of the mean total content.
The low percentage of lanthanides bound to F1 indicated that these lanthanides were not mobile. The lanthanides bound to F2 (about 10%) and F3 (about 30%) could become available under reducing or oxidizing conditions (Mihajlovic et al. 2014 ). The percentage of residual fraction varied in the range 48.4% to 77.6% in Goč soil and 51.5% to 62.1% in Trstenik soil. Consequently, the release of great amount of lanthanides is unlikely under the predominant environmental conditions.
The potentially mobile fractions are usually composed of the initial three fractions of sequential extraction and the potential mobility of elements could be expressed as the sum of the extraction yields of the first three fractions in relation to total contents (Botsou et al. 2016 ). According to our results, all REEs were not potentially mobile in the two soils examined. The distribution of REEs in soil is affected by weathering and leaching processes (Mourier et al. 2008) as well as pH (Tyler 2004) . The proportion of REEs in the residual fraction tends to decrease with increasing atomic number, whereas the proportions of these elements in the other three fractions increase. This trend was observed in soil samples from both sites but was more pronounced in the case of soil from Goč Mountain. This difference between sites could be attributed to different pedogenical processes. The soil map (1:50,000) of the Republic of Serbia (Mrvić et al. 2013; Čakmak et al. 2018 ) is given in Fig. 1 . According to our observations during sampling and the map coordinates, there were two types of soil in our study, which differed in their pedogenesis processes. Goč type soil was classified as leptosol on diorite, while soil from our Trstenik site is eutric cambisol (WRB 2006) . In mountainous zones, due to relatively low rates of weathering of the parent rock, soil depth is usually medium to shallow. The content of elements and their chemical bonds in this undeveloped soil are strongly affected by parent material due to non-expression of pedogenetic processes. On the other hand, anthropogenic impacts could also be a reason for this difference between the mountain and forest soils. S2 is near the city of Trstenik, so perhaps some lanthanides (La, Ce, Sm, Eu, and Tb) could be released into the environment from burning coal, increasing lanthanide concentrations in the air and surface layers of the soil (KabataPendias 2010), and leading to a change in the distribution of these elements.
As far as we know, there is no information in the literature concerning the concentrations of REEs in stipes of M. procera. Borovička et al. (2011) reported concentrations of 14 REEs in a bulk sample of saprobic mushrooms, while Falandysz et al. (2017a) determined REE in cap and whole fruiting bodies of M. procera.
The mobility of metals between the two parts of the mushrooms was estimated by the TF (Table 3) . In our research, higher levels of REEs were measured in the stipes than in the caps of M. procera. Falandysz et al. (2017a) compared whole fruiting bodies and caps, and reached the same conclusion. M. procera did not show translocation of REE metal ions from stipes to caps (TFs were lower than 1). This was supported by the Mann-Whitney U test, which confirmed statistically higher median contents of all analyzed REEs in stipes than in corresponding caps from Trstenik (Table D, Supplementary material). However, in the two parts of the mushroom bodies from Goč Mountain, only the median levels of Sc and Ce were statistically different (Table D,  Supplementary material) .
REEs with even atomic number are more common than those with an odd atomic number (Oddo-Harkins rule). In order to graphically compare the concentrations of REEs in environmental samples, it is necessary to eliminate the OddoHarkins effect. Commonly, this is achieved using normalization of REE concentrations in samples against those of a natural reference system, such as European Shale (EUS) composite, Post-Archean Australian Shales (PAAS), or North American Shale Composite (NASC) Haskin and Haskin 1966; Nance and Taylor 1976) . In this work, we used the improved REE dataset for the European Shale composite .
The shale-normalized distribution of REEs median values for caps and stipes of mushrooms as well as for soils from the two sites are presented in Fig. 3 . The REE SN patterns of the soils were relatively flat. Also, in soils, LREEs were more abundant, with LREE/HREE ratio of 13.6 and 11.2 (Table 4) for soil from Goč and Trstenik, respectively. Also, median values of calculated Y/Ho ratios in soils were 26 and 25 in S1 and S2, respectively, which are similar to the Y/Ho ratio of the upper continental crust . Calculated anomaly values are presented in Table 4 . Both Eu and Ce anomalies in soil samples were slightly negative. In the case of mushrooms, the shalenormalized REE patterns showed uneven distribution between caps and stipes of M. procera (Fig. 3) . The REE SN patterns showed higher REE concentrations in the stipes from both sites and revealed a slight predominance of LREEs over HREEs. For mushrooms, the Eu SN /Eu SN * values exhibited negative anomalies, while Ce SN /Ce SN * displayed positive anomalies for caps and stipes. These anomalies may occur as a result of different oxidation-reduction conditions in the environment (Johannesson et al. 2006) . Unlike other REEs that mainly occur as trivalent ions, Ce can be both tri-or tetravalent and Eu can occur as di-or trivalent ion. Depending on the oxidation-reduction conditions, these elements can occur in different oxidation states, which results in changes of their mobility. An anomaly for Tm occurred in all sampled mushroom parts, unlike the soils (Fig. 3) . Summarizing all results connected to the content of REEs in M. procera, concerning mushroom consumers, either human or wildlife, its consumption would not result in a health risk because REE content is low.
PCA analysis
Pattern recognition was used to differentiate and classify soils from the two sites, an unpolluted mountain area and a forest area near a city in Serbia, according to their content of REEs. PCA modeling revealed the existence of two distinct clusters belonging to the different geographical sites, which was imposed by the greater abundance of Sc, Y, and lanthanides in Goč soil than in that from Trstenik (Fig. 4a) . Additionally, lanthanides were concentrated in two groups. The first one consisted of elements belonging to LREEs and the second contained HREEs (Fig. 4b) . Y is often included in the subgroup of HREEs despite its low atomic mass and low ionic radius (Tyler 2004 ). In our study, Y was also grouped together with the HREEs (Fig. 4b) . Commonly, the concentration of LREEs in soils is higher than the concentration of HREEs (Kabata-Pendias 2010), as was found in our study (Table 1) . Content of REEs depends on soil types, their parent material, and content of organic matter.
The uptake of Sc, Y, and lanthanides from the soil by M. procera growing at the two sites was followed by determination of their contents in the stipes of the mushrooms. Furthermore, the variability among the two sets of data was also investigated. The obtained results of modeling indicated identical classification of stipes from the two sites studied (Fig. 5a ) as was obtained for soil. Obviously, the content of REEs determined in stipes of M. procera is related to the accumulation of the lithophilic metals naturally occurring in topsoil.
Further distribution of REEs to the mushroom fruiting body was demonstrated by the results of PCA applied to the content of REEs in mushroom caps from the two sites. The model revealed the existence of two distinct clusters belonging to the different geographical sites, as was obtained for stipes, although based on different elements (Fig. 5a ). The loading plot (Fig. 5b) revealed that the only REEs that influenced the separation were Sc, Sm, and Ce, while all other REEs had very low PC2 values. The strong, positive influence of Sc and Sm on PC2 suggests their domination in mushrooms from Goč Mountain, while the negative influence of Ce indicates its higher content in mushroom caps from Trstenik (Fig. 5b) . Different uptake and retention of these elements could be explained by the content of macroelements in mushrooms. It is well known that bioaccumulation of Sc causes variations in the concentration of the elements that are important for plants (Na, K, Ca, and Zn) as well as the interactions between Sc and Na, K, Ca, and Zn in different parts of seedlings (Shtangeeva et al. 2004) .
Additionally, PCA was applied to the REE contents of different parts of the mushrooms, independently of sampling site, in order to evaluate the translocation of elements within a mushroom. Contrary to the results previously obtained for macro-and microelements present in M. procera (Stefanović et al. 2016a, b) , when no distinction was achieved between mushroom parts due to the similar accumulation of the elements in caps and stipes, in the present study, clear separation of the two parts of the mushroom body was obtained (Fig. 6a) . The group of stipes was dissipated on the score plot in a broader area, contrary to the firmly clustered caps, and this clustering was imposed by all analyzed REEs (Fig. 6b) . Specifically, Sc, Y, and lanthanides were mainly accumulated in stipes of M. procera.
Parameters of four PCA models are presented in Table E (Supplementary material).
Correlation of REEs with macroelements
Several statistically significant correlations, depending on the geographical sites and the parts of the mushroom, exist between Sc, Y, lanthanides, and the macroelements Na, Ca, and Mg (Table G, Supplementary material).
REEs are a group of non-essential elements, but they have positive effects on growth rate and productivity, as reported previously (Ramos et al. 2016) . REE ions with an effective radius close to that of Ca 2+ might partly be able to replace or interact positively with Ca in various physiological functions (Aruguete et al. 1998; Tyler 2004 ). Thus, it is possible that mushrooms can uptake non-essential REEs instead of chemically similar essential elements. High positive correlations of Ca with all lanthanides were found in mushroom caps from Goč. However, there were no significant correlations between REE elements and Ca in caps from Trstenik. The content of Ca was higher in caps from Goč than in caps from Trstenik (results not shown). The high TF for Sc in caps from Goč confirms our assumption that uptake or retention of REE 
Conclusions
This study provides new information about the content of Sc, Y, and lanthanides in M. procera, a species of wild mushroom collected widely in Europe and Asia, and in soil in two sites in Serbia. BCR sequential extraction procedure revealed the distribution and fractionation of examined REEs in soils. The content and distribution of REEs in the soils greatly depended on type of soil. Applied BCR sequential extraction procedure showed that REEs were mostly bound to the residual fraction in soils, indicating the low mobility of these non-essential elements. PCA modeling revealed the existence of two distinct clusters belonging to the different geographical sites and determined by the higher abundance of Sc, Y, and lanthanides in Goč soil than in Trstenik soil. These results suggest that content and distribution of REEs in soil could differ in different types of soil. Furthermore, the content of REEs determined in stipes of M. procera reflects the REEs naturally occurring in topsoil. The uptake of HREE, together with Sc and Y, by stipes was more pronounced in mushrooms from Goč soil than in those from Trstenik. Wild M. procera did not have the ability to accumulate REEs from either of the soils (BCF values were lower than 1). In terms of the bioconcentration and bioexclusion concepts, REEs were bioexcluded in M. procera growing in both studied geographic sites. Specifically, Sc, Y, and lanthanides mainly accumulated in stipes of M. procera, rather than in caps. According to our calculated TF values, Sc in mushrooms from Goč was translocated to caps (TF = 1.4), while this did not occur in mushrooms from Trstenik. Different uptake and retention of REEs could be explained by the content of macroelements in M. procera, especially calcium.
